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The exper iments per formed in th is  thesis  were a imed at  the re lat ionship
between latera l  septa l  vasopressin (VP) and coping sty le.  F i rs t  we focussed at  the
question whether the correlatlon between lateral septal VP and coping style exists
in the rat ,  in  par t icu lar  the wi ld+ype rat ,  thereby suggest ing that  i t  may be a
phenomenon present  in  more species.  Secondly,  a number of  exper iments were
aimed at  the causa/  re lat ionship between latera l  septa l  VP and aspects of  coping
behaviour .
1 SUMMARY OF RESULTS
In Chapter  2,  the d i f ferent ia l  VP dis t r ibut ion was studied in  males of  an
outbred st ra in of  wi ld- type rats in  re lat ion to thei r  level  of  in termale aggression.
Biochemical  and immunocytochemical  data revealed a negat ive corre lat ion
between latera l  septa l  VP and aggression.  Aggressive rats exhib i ted low levels oÍ
VP whereas in termediate and nonaggressive animals showed a h igher  amount  oÍ
the pept ide together  wi th a more widespread is t r ibut ion of  VP- immunoreact ive
(VP-ir) Í ibres. No differences in adult levels of plasma testosterone (T) were found.
The resul ts  conf i rm the hypothesis  that  the var iabi l i ty  in  la tera l  septa l  VP,  or ig inal ly
descr ibed as a sexual  d imorphism, can be found in male rats as wel l .  Behavioura l
d i f ferent ia t ion in  wi ld- type rats was studied in  Chapter  3.  The rats were selected
on basis  of  thei r  in termale aggression and tested in  the shock-probe bury test ,  the
Morris water maze, and the 8-arm radial maze. The results of the first test showed
that  aggressive males respond act ive ly  ( i .e .  bury the e lect r i f ied probe),  whereas
nonaggressive rats show wi thdrawal  and hardly  any bury ing.  The resul ts  oÍ  the
spat ia l  tasks in  general  fa i led to show a c lear  re lat ion between aggression and
spat ia l  per formance.  l t  is  concluded that  the ex is tence of  the behavioura l
d iscernable coping sty les is  ev ident  in  the shock-probe bury test ,  but  does not
prevail in these spatial tasks. Chronic septal infusion of a V,4y', receptor antagonist
was used to test  the ro le of  VP in socia l  memory,  anxiety-re lated behaviour ,  and
spat ia l  memory (Chapter  4) .  B lock ing the act ion of  la tera l  septa l  VP resul ted jn
impaired socia l  memory and increased anxiety on the e levated p lus-maze.  No
behavioural effect of the treatment was found in shock-probe burying and spatial
learn ing in  the Morr is  water  maze.  Overal l ,  these resul ts  suggest  a s t rong task-
depending speciÍicity oÍ lateral septal VP modulation. ln Chapter 5 we investigated
whether the role oí VP in social recognition is speciÍic for this social setting or that
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i t  may have an ef fect  on general  invest igatory behaviour  as wel l .  In  a paradigm
ident ica l  to  socia l  recogni t ion the rats were tested on thei r  abi l i ty  to  recognize
objects ir.rstead of juveniles. The data showed that, in contrast o social recognition,
object  recogni t ion ref lects a form of  habi tuat ion.  In  addi t ion,  object  recogni t ion
was not  in f luenced by VP receptor  antagonist  t reatment .
2 VARIABITITY IN LATERAL SEPTAL VASOPRESSIN
Both b iochemical  data and immunocytochemical  data reveareo a
considerablevar iat ion in  VP in the la tera l  septum (LS) of  wi ld- type rats (chapter2) .
Th i s  va r i ab i l i t y  w i t h i n  t he  ma le  gende r  was  a l so  f ound  i n  m ice  by  compaan  e t  a r .
(1993).  l t  seems that  the most  ext reme cases of  the VP- i r  found in the wi ld- type rat
(see chapter  2,  F ig.  4)  resemble average d is t r ibut ion in  the aggressive and non-
aggressive select ion l ines.  However,  i t  is  d i f Í icu l t  to  nrake a more deta i led
comparisor.r of the variabil ity in vP between the present study in rats and the study
in mice, because diÍferent parameters were used to i l lustraïe VP expression in both
studies.  The presence of  the same var iabi l i ty  in  male rats as found in mice st rongly
suggests hat  i t  is  a more general  phenomenon,  which might  be detected in  more
species.  Moreover,  by studying the d i f Íerent ia t ion i  a  s t ra in oÍ  outbred rats,  the
assumpt ion was conf i rmed that  an unselected populat ion exhib i ts  the var iabi l i ty
in  VP and that  i t  is  not  a by-product  of  genet ic  se lect ion.
The septa l  VP f ibres or ig inate f rom neurons in  the bed nucleus of  the
str ia  terminal is  (BNST) and the media l  amygdala (MeA).  one might  expect
thereÍore that  a d i f ferent ia t ion in  the number of  VP- i r  ce l ls  in  the (BNST) might
ex is t  in  the rats.  This  has been studied in  the mice and indiv iduals f rom the
nonaggressive l ine were found to express more VP- i r  ce l ls  than animals f rom the
aggressive l ine (Compaan et  a l .  1993).  The MeA, which is  bel ieved to form a
vasopressinerg ic  uni ty  wi th the BNST (Caf fé and Van Leeuwen,  l9B3;  Caf fé et  a l .
1987) might  express the d i Í ferent ia t ion as wel l .  This  has not  been determined in
the select ion l ines of  mice.  Nornra l ly ,  the low level  of  VP in the cel ls  of  the BNST
and the MeA necessi tates colchic ine t reatment  (axonal  t ranspof t  b lockade) in  order
to immunosta in VP-expressing cel ls .  However,  the t reatment  was incorrect  in  the
present  s tudy and i t  resul ted in  unre l iable counts of  the number of  Vp-posi t ive
BNST cel ls .  s ince the MeA is  located even fur ther  away f rom the colchic ine-
i n j ec t i on  s i t e  t han  the  BNST,  t he  access ib i l i t y  o f t hese  ce l l s  t o  co l ch i c i ne  was
insuf f ic ient  and d i t  not  resul t  in  any sta in ing in  the amygdalar  area.  s tudies on
sexual  d imorphism in both areas consistent ly  showed males to have more Vp
exp ress ing  ce l l s  t han  fema les  (M i l l e r  e t  a l .  1989b ;  Wang  e t  a l .  , 1993 ;  De  V r i es  e t
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al .  1994;  Szot  and Dorsa,  1994;  Wang and De Vr ies,  1995).  When combin ing
these data wi th the f ind ings on d i f ferent ia l  ce l l  number in  the BNST wi th in the
male gender of  mice,  one might  suggest  a d i f ference in the number of  VP-
expressing cel ls  in  the MeA as wel l .  To re l iab ly  conf i rm the hypothesis  that  the
di f ferent ia l  VP dis t r ibut ion in  the male gender is  a general  phenomenon,  th is  is  one
issue that  s t i l l  has to be studied.
Although the observed variabil ity in VP has now been demonstrated in
both rats and mice, one cannot simply extrapolate this to every species. As
reviewed in Chapter 1, lateral septal VP expression has many "faces" depending
on the species studied. For instance, there is a substantial variation in basal lateral
septal VP-ir when males of several vole species are compared (Wang et al. 1996).
In the LS of  males f rom the p ine vole about  a f i f th  of  the tota l  sample area was
covered by VP fibres, whereas these fibres exhibit no more than a fifteenth part of
the area in males of the meadow vole. The fibre distribution of the latter resembles
the low VP dis t r ibut ion observed in the most  aggressive rats examined in th is
thesis. When the average fibre density in males of a certain species is already low,
the possib le var iabi l i ty  wi th in these males wi l l  be smal l  as wel l  and therefore
di f í icu l t  o  d iscern.  Apart  f rom indiv idual  d i f ferent ia t ion i d is t r ibut ion,  the lack of
a lmost  any VP- i r  neuron in the BNST or  f ibre in  the LS oÍ  Syr ian and golden
hamsters indicates that also large species differences in the male may exist (Albers
et  a l .  I991;  Delv i l le  et  a l .  1994).  Next  to  the quest ion whether  the male var iabi l i ty
is present in more species it would be equally interesting to study which processes
induce the variation in VP expression and whether these processes have a general
character .  They may be the same mechanisms which under l ie  sexual  d imorphism.
I t  is  remarkable that  the most  ext reme examples of  VP dis t r ibut ion in
the aggressive rat seem to resemble normal female distribution, whereas the
abundance of  f ibres in  a nonaggressive rat  seems even larger  than normal  male
dist r ibut ion (De Vr ies et  a l .  1981;  Wang et  a l .  1  993) .  The data of  the select ion l ines
of  aggressive and nonaggressive mice (Compaan et  a l .  1993) show the same
tendency when VP- i r  ce l l  numbers in  the BNST are compared (Mi l ler  et  a l .  1989b;
Wang et  a l .  1993;  De Vr ies et  a l .  1994).  On face value,  photomicrographs
presented in a study by De Vr ies et  a l .  (1981),  which show a survey of  the LS oÍ  an
adul t  male and female rat ,  c losely resemble the photomicrographs shown in
Chapter  2 of  th is  thesis  (F ig.  4) .  However,  i t  should be noted that  compar ing the
variation among males with variation between the sexes is, again, diff icult because
most  s tudies use d i f ferent  s ta in ing protocols,  pr imary ant ibodies,  and parameters
to i l lust rate thei r  resul ts
Most  of  the l i terature descr ib ing VP dis t r ibut ion d id not  consider  the
var iat ion of  VP expression in  the male gender repor ted in  the present  hesis .  This
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may be due to the use oí inbred l ines of rats in the majority of these studies. Most
frequently used animals are the Wistar rat and the Long-Evans rat (De Vries et al.
.1985;  Van Leeuwen et  a l .  1985;  Caf fé et  a | .1987;  Mi l ler  et  a l .  1989b;  Mi l ler  et  a l .
1992;  Wang et  a l .  1993;  De Vr ies et  a l .  1994).  The use of  these laboratory l ines
may have obscured the naturally occurring variation as observed in wild+ype rats.
There are few other reoorts which have studied differences in VP
content  in  bra in areas of  untreated male animals.  Ermisch et  a l .  (1986) Íound VP
levels to be s igni f icant ly  h igher  in  the septum/str ia tum and poster ior  p i tu i tary oí
Wistar  rats  wi th h igh per formance in a br ightness d iscr iminat ion (BD) task
compared to the group of low performers. However, in a later study using Wistar
rats which were genet ica l ly  se lected for  thei r  BD-performance th is  could not  be
replicated. lnstead, a difíerence in hippocampal VP content was reported (Hess et
al. 1992). These data show the involvement of a genetic factor in VP expression
in the h ippocampus,  but  the select ion cr i ter ion seems to be only loosely coupled
(or not at all) to septal VP. The Roman high- and low-avoidance rats (selected and
bred Íor rapid versus non-acquisit ion in two-way, active avoidance behaviour) have
also been found to express d i f ferent ia l  basal  levels  of  VP (Aubry et  a l .  1995).
However,  these d i í ferences were found in the parv ice l lu lar  neurons of  the
paraventr icu lar  nucleus,  i .e .  the low-avoidance group showed high levels of  VP.
House mice selected for differences in nest-building behaviour have been reported
to d i f fer  in  the number of  VP- i r  neurons in  the suprachiasmat ic  nucleus (SCN) (Bul t
e t  a l .  1992 ;  Bu l t  e t  a l .  1993 ) .  Low-nes t i ng  an ima ls  have  a  h ighe r  number  VP-
expressing cel ls  than h igh-nest ing and contro l  mice.  Sluyter  and co-workers (1995)
have shown that  se lect ion for  nest-bui ld ing convinc ingly  corre lates wi th select ion
for  aggression.  Subsequent ly ,  i t  was shown that  males f rom the nonaggressive
select ion l ines have h igher  number of  VP- i r  ce l ls  in  the SCN than aggressive
animals (Compaan,  1994,  personal  communicat ion) .  Al together ,  these data
indicate that ,  wi th in the male gender,  d i f íerent ia t ion i VP neurons might  be more
widespread throughout  the bra in.  Under the not ion that  the var iabi l i ty  in  VP in an
unselected population is not a by-product of genetic selection in the labroratory, the
more widespread differentiation may thus be an issue of investigation in wild-type
rats as wel l .
One may wonder what  th is  means for  the tota l  VP s ignal l ing in  the
lateral septal area. The observed differences may be due to a difÍerential rate oí
re lease or  s torage of  the pept ide in  the LS.  l t  remains to be seen whether  h igh
pept ide content  as measured v ia RIA a lso means h igher  rates of  pept ide re lease.
In the present  s tudy i t  was shown that  in  the nonaggressive indiv idual  the f ibre
network is  more widespread.  l t  may thus be that  the h igher  í ibre densi ty  per
septum is  responsib le for  the h igher  levels  of  VP measured by RlA.  The data might
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suggest  that  per  VP- i r  f ibre there is  at  least  an equal  amount  of  pept ide present .
However, optical density measurements obtained from mice (Compaan et al. 1993)
showed that  more VP is  present  in  f ibres of  nonaggressive animals compared to
aggressive males.  The use of  co lchic ine in  the present  s tudy does not  a l low
measur ing opt ica l  densi ty ,  but  we may reasonably assume the nonaggressive wi ld-
type rat  to  have more pept ide per  f ibre than aggressive indiv iduals.
The studies on the ro le of  T on VP expression i d icate that  the VP- i r  in
the la tera l  septa l  í ibres ref lects s torage levels.  When adul t  male ra ls  are
gonadectomized,  a s igni f icant  decrease in the VP f ibre densi ty  in  the LS occurs,
which takes several  weeks before i t  is  complete ly  d isappeared.  This is  preceded
by a s igni f icant  decrease in the expression of  cytoplasmic and nuclear  VP mRNA
in the BNST (and MeA) wi th in 3 days (De Vr ies et  a l .  1985;  Mi l ler  et  a l .  1992;  Szol
and Dorsa, 1994). All these eífects can be restored by replacement of T; it takes 3
days of  T replacement  for  the number of  ce l ls  expressing VP mRNA to return to
contro l  level ,  whereas the amount  of  label ing per  cel l  requi res 7 days of  T
treatment. Five weeks oí T replacement was shown to restore VP-ir and content to
contro l  levels  in  both the BNST and the LS (De Vr ies et  a l .  1984;  De Vr ies et  a l .
1985 ;  Van  Leeuwen  e t  a l .  1985 ;  M i l l e r  e t  a l .  1989a ;  M i l l e r  e t  a l .  1989b ;  Szo t  and
Dorsa,  1994;  Magnusson and Meyerson,  1996).  These studies point  to  low basal
re lease of  VP indicat ing that  the newly synthesized pept ide may remain stored
wi th in the cel l  and i ts  processes for  pro longed per iods of  t ime.  Est imates f rom
neural  obe d isappearance of  VP indicate a hal f - l i fe  of  approximately  19 days,  but
it is unknown whether VP in the extrahypothalamic areas degrades or disappeares
wi th a s imi lar  t ime course (Burford and Picker ing,  1973).  Taken together ,
aggressive wi ld- type rats exhib i t  re lat ive ly  low levels of  la tera l  septa l  VP- i r ,  i .e .
s torage.  This may a lso suggest  that  these animals show higher  levels  of  re lease
when compared wi th thei r  nonaggressive counterpar ts .  This  is  subscr ibed to by a
study of Landgraf and co-workers ( 1988), which shows that low contents of VP in
dls t inct  bra in areas may wel l  be l inked to s t imulated re lease pat terns.  Opposed to
th is ,  one would expect  that  VP re leased f rom a widespread and abundant  f iber
network (nonaggressive animals)  would resul t  in  a larger  ef fect  than VP re leased
from only a l imi ted number of  f ibers (aggressive animals) .  Hence,  on basis  of  these
arguments i t  seems impossib le to draw a conclus ion on the ex is tence of  a
di f ferent ia l  VP s ignal l ing in  the la tera l  septa l  area.  Future VP mRNA studies could
supply addi t ional  knowledge,  but  one would st i l l  lack in format ion on t ranslat ion
rates to produce the pept ide f rom i ts  mRNA. Di f ferences in  la tera l  septa l  V, , ,
receptor  subtype sensi t iv i ty  and d is t r ibut ion are not  expected to occur  wi th in male
wi ld+ype rats.  l t  is  known that  VP binding s i tes are not  sexuai ly  d imorphic and
gonadectomy or T treatment at adult age does not effect the density or affinity of
t he  VP  b i t
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the VP binding s i tes (Tr ibol le t  et  a l .  . l  990;  Poul in  and Pi t tman,  1991).  However,
recent observations how that the Roman high- and low-avoidance selection l ines
exhib i t  a  d i Í ferent ia t ion in  V, . ,  receptor  d is t r ibut ion in  the centra l  amygdala and
paraventr icu lar  nucleus (PVN; A.  Johnson et  a l .  1997,  personal  communicat ion) .
This indicates that ,  next  to  d i f ferences in  syntheses,  s torage,  and re lease
presynapt ica l ly ,  we may be confronted wi th a d i f ferent ia t ion in  postsynapt ic
mechanisms as wel l .  At  th is  s tage,  a d iscussion on th is  subject  would be to
speculat ive and is  considered out  of  focus in  the present  thesis .
The f ina l  issue in th is  paragraph concerns the or ig in or  induct ion of  the
di í ferent ia l  la tera l  septa l  VP dis t r ibut ion.  At  adul t  age,  VP expression is  dependent
on the presence of T or its metabolites (see Ceneral Introduction, paragraph 2.3.2).
The lack oÍ  a s igni f icant  corre lat ion between adul t  levels  of  p lasma T and VP- i r  as
shown in Chapter  2 indicates that  adul t  T does not  expla in the d i f ferent ia l
d is t r ibut ion in  th is  instance.  l t  thus seems reasonable to assume that  the
organizat ional  processes occurr ing pre-  and postnata l ly  may p lay a ro le in  inducing
the d i f ferent ia t ion.  As descr ibed in the Ceneral  In t roduct ion,  T exer ts  an
organizat ional  ro le in  sexual  d imorphism in VP dis t r ibut ion at  neonata l  age,  rather
than at  adul t  age (Wang et  a l .  1993;  Wang,  1994).  Neonata l  T seems to be an
important  factor  in  the males of  the select ion l ines of  wi ld  house mice as wel l .  A
s ingle in ject ion of  T at  postnata l  day 1 reduced the VP- i r  in  adul t  nonaggressive
males unt i l  levels  s imi lar  to  contro l  aggressive mice (Compaan et  a l .  1997),
submit ted for  publ icat ion) .  Other  s tudies suggested an endogenous d i f ference
between aggressive and nonaggressive males in  neonata l  T sensi t iv i ty  ano peaK
levels (Compaan et  a l .  1992;De Rui ter  et  a l .  1992;  Compaan et  a l .  - l994b).  This
c losely resembles mechanisms which are thought  o under l ie  sexual  d i f ferent ia t ion
in the same VP network (De Vr ies and Al-Shamma, 1990;  Szot  and Dorsa,  1993;
De Vr ies et  a l .  1994;  Szot  and Dorsa,  1994).  Thus,  whereas the VP di í ferent ia t ion
wi th in the adul t  male gender seems to be as large as the sexual  d i Í ferent ia t ion in
VP in the same bra in areas,  the mechanisms causing both types of  d i f íerent ia t ion
neonata l ly  seem to be ident ica l  as wel l .
I t  remains to be establ ished whether  these neonata l  processes are the
only cause of  the observed var iat ion in  VP. l t  may be that  envi ronmental
c i rcunrstances around b i r th or  maybe even in la ter  l i fe  in f luence basal  VP
expression in  the wi ld- type rats.  Recent ly ,  i t  was shown that  chronic or  shor t
inescapable st ress produces long- last ing changes in VP expression in  hypothalamic
areas (zona externa of  the median eminence) in  adul t  male rats (De Coei j  e t  a l .
1992a;  De Coei j  e t  a l .  1992b;  De Coei j  e t  a | .1992c;  Van Di jken et  a l .  1993).  In
fact ,  cor t icot ropin-re las ing Íactor  (CRF)-expressing cei ls  s tar t  co-expressing VP,
resul t ing in  an increase in VP content  whi thout  a l terat ion of  CRF stores.  Moreover,
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there is an increased release oÍ VP relative to that of CRF as a response to these
Íorms of stress. Whether these stress-induced processes play a role neonatally and
in the MeA-BNST-LS system as wel l  is  unknown. l t  was suggested that  galanin,
instead oÍ CRF, might regulate the coexpression of VP in these areas (see Ceneral
Int roduct ion,  paragraph 2.4.1 ,  (? lanas et  a l .  1994b;  Al -Shamma and De Vr ies,
1995;  Planas et  a l .  1995).  Perhaps the pups which wi l l  devel lop as nonaggressive
indiv iduals are more suscept ib le to neonata l  s t ress and that  s imi lar  processes
inf luence basal  VP expression.  Al though very speculat ive,  th is  might  par t ia l ly
account for the heterogenity in the radioimmunoassay data of the nonaggressive
group (Chapter 2).
3 TATERAL SEPTAL VASOPRESSIN AND AGGRTSSION
The differential lateral septal VP-ir and content correlated with the level
of intermale aggression measured in a standard resident-intruder test. Aggressive
males were shown to have low levels of VP whereas intermediate and
nonaggressive animals showed higher  levels .  This  paragraph wi l l  d iscuss whether
th is  is  a causal  re lat ionship ( i .e .  h igh levels of  VP reduce aggression)  or  that  we
found just  a corre lat ion between VP and aggression wi thout  any causal i ty .
The role of lateral septal VP in aggressive behaviour has been studied
in a number of species. For instance, several studies showed that VP, when applied
tothe LS,  is  able to increase aggression-re lated f lank mark ing in  golden hamsters
(Ferr is  et  a l .  1993;  Ferr is  et  a l .  1994;  Ferr is  et  a l .  1996).  However,  th is  resul t  seems
di Í f icu l t  to  in terpret  s ince the LS of  golden hamsters is  a lmost  devoid oí  VP
immunoreact ive f ibers (Ferr is  and Delv i l le ,  1994).  The presence of  the V,  receptor
in the LS (Ferr is  et  a l .  1993) of  golden hamsters indicates the l ike l iness of  a
funct ional  system. Another  example in  which la tera l  septa l  VP is  impl icated in
aggression isíound in microt ine rodents.  In  the monogamous pra i r ie  vole,  la tera l
septa l  VP is  s t rongly re lated to in termale aggression (Winslow et  a l .  1993;  Wang
et  a l .  1994b;  Wang,  1995).  In  th is  species,  VP antagonism seems to b lock the
transi t ion to aggression af ter  mat ing.  Fur thermore,  in t racerebroventr icu lar  VP
adminis t rat ion by osmot ic  min ipumps in the LS,  causing a threefo ld increase in VP
local ly ,  is  able to induce intermale aggression wi th in twelve hours.  This ef íect  of
VP is  s t rongly re lated to the process oí  pai r  bonding s ince in  meadow voles,  a
species devoid of parental care, no changes in lateral septal VP were found after
cohabi tat ion wi th females or  af ter  becoming fathers (Bamshad et  a l .  1993;  Wang
et  a l .  1994a).  Also,  pra i r ie  voles exhib i t  both h igh levels of  basal  atera l  septa l  VP- i r
and aggression compared to meadow voles (Wang,  1995).  Adminis t rat ion of  VP
into the I
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Thus,  in  most  of  these studies appl icat ion of  exogenous VP in the
septum induces an increase in aggression.  These data seem in contrast  wi th the
present results since we reported that high levels of VP correspond with low
intermale aggression levels. However, as mentioned before, high VP-ir and peptide
content may also be interpreted in terms of increased storage and low release of
VP in nonaggressive animals.  In  th is  way,  the resul ts  eem to be inconsistent  wi th
the assumed ro le of  la tera l  septa l  VP in aggression,  but  at  th is  moment there are
no c lear  data to support  h is  hypothesis .  Unt i l  then,  we are compel led to conclude
that  the d i f ferent ia l  d is t r ibut ion of  basal  VP in wi ld+ype rats has no d i rect  causal
l ink to in termale aggression.
It should be kept in mind that aggression exists in many forms and may
serve d i f ferent  funct ions,  depending on species and s i tuat ion.  For  instance,  the
mating-related form of aggression in voles is transient of nature, whereas the form
of aggression a wild+ype rat shows can be observed at any time. Hence, different
neuronal  systems may par t ic ipate in  concert  wi th VP in the regulat ion of  th is
behaviour .
4 LATERAI SEPTAL VASOPRESSIN AND COPINC STYLES
Next  to the re lat ionship between latera l  septa l  VP and aggression we
ir.rvestigated whether the observed differences in VP are reflected in other
funct ional  behaviours.  Since aggression has been shown to be just  one aspect  of
coping sty les,  we studied the re lat ionship between d i f ferent ia l  Vp expression and
behaviours re levant  o these sty les.  The concept  oÍ  coping sty les in  re lat ion to
aggression has been recognized and studied in  the select ion l ines of  house mice
(Van Oortmerssen and Bakker,  1981;  Bohus eI  a l .  1gg7;  Benus et  a l .  1gg1b).  There
are indicat ions that  th is  character izat ion based on one t ra i t  ( i .e .  aggression)  is
applicable to the wild{ype rat as well (Sgoifo et al. .|996). Therefore, described in
Chapter 3, experiments were performed to expand the knowledge on behavioural
differentiation in wild-type rats. In addition, we studied the role of lateral septal Vp
in behaviours in which wild-type rats were expected to differ (Chapter 4 and 5).
Whether  these resul ts  conf i rm a ro le for  la tera l  septa l  VP in coping sty les wi l l  be
discussed here.
The d i f ferent ia t ion in  shock-probe bury (SPB) behaviour  are in
accordance wi th observat ions of Sgoi fo et  a l .  (1996) in  wi ld+ype rats and Sluyter
eta l .  (1996) in  wi ld  house mice.  In  fact ,  thesedata have been expanded inc luding
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wild+ype rats which show intermediate scores of aggression (Koolhaas et al.
1997b). The results consistently confirm the positive correlation between the level
of  aggression and the amount  oí  bury ing behaviour .  The aggressive animals
respond actlvely to the situation and thus seem to adhere to an active coping style.
The nonaggressive rats adopt a passive coping style towards the aversive stimulus
in that they react with withdrawal. However, blocking the endogenous action of
la tera l  septa l  VP by chronic appl icat ion oÍ  a VP receptor  antagonist  d id not  have
an efÍect on SPB behaviour (Chapter 4). We may thus conclude that lateral septal
VP does not  p lay a causal  ro le in  th is  coping sty le re lated behaviour .
Somewhat  surpr is ing,  the resul ts  of  the spat ia l  tasks,  in  general ,  fa i led
to show a clear relation between aggression and spatial performance in the wild-
type rats (Chapter 3). In itself this suggests, although VP may sti l l  be involved, that
a differentiation in lateral septal VP is not reflected in a differentiation in spatial
learn ing abi l i t ies.  Whether  VP does p lay a ro le in  spat ia l  learn ing is  under debate.
Engelmann and co-workers howed that (exogenous) VP impaires spatial learning.
However, the application of a VP antagonist has no efÍect on the performance oí
t he  an ima ls  (EnBe lmann  e t  a l .  1992 )  and  Chap te r  4 ) .
Per formance on the e levated p lus-maze and the socia l  recogni t ion
paradigm were shown to be influenced by local VP antagonism. They may thus be
candidates to relate differential levels oí VP with coping styles. Wild+ype rats have
been tested on the elevated plus-maze, but there does not seem to be a relation
between their performance and coping styles. The social recognition paradigm, in
i ts  present  form, appeared to be unsui table for  wi ld  type rats;  too many juveni les
were k i l led by the adul t  res idents dur ing test ing.  The test  was or ig inal ly  developed
to study socia l  memory in  laboratory rats  (Thor and Hol loway,  1982).  Ki l l ing
unrelated juveni les seems to be a t ra i t  o f  wi ld  rodents.  Perhaps the process of
domest icat ion has changed most  laboratory s t ra ins in  such a way that  they wi l l
exept  unre lated juveni les in  thei r  neighbourhood.  The object  recogni t ion paradigm
descr ibed in Chapter  5 is  not  a good a l ternat ive,  because i t  was shown that  th is
behaviour  is  not  under the contro l  o Í  la tera l  seota l  VP and cannot  be considered
as a sui table test  to  re late d i f ferent ia l  levels  of  VP wi th coping sty les.
In summary,  we f i rs t  argued that  a d i rect ,  causal  l ink between the
di f ferent ia l  d is t r ibut ion of  la tera l  septa l  VP and the level  of  in termale aggressiorr
is  unl ike ly .  Now, consider ing the main resul ts  of  Chapter  3,4,  and 5,  there is  l i t t le
reason to assume that the diíferentiation in VP is firmly related to a differentiation
in coping sty les.  Fur thermore,  the quest ion what  the behavioura l  (and
physio logical )  consequences are of  a d i f ferent ia l  vasopressinerg ic  innervat ion in
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5 CENERAT REMARKS
Despi te the fact  that  we could not  f ind a d i rect  causal  l ink between
latera l  septa l  VP and coping behaviour ,  i t  remains remarkable that  a lso other
vasopressinergic systems seem to differentiate between coping styles. Two
indicat ions that  VP does p lay a ro le in  th is  d i f ferent ia t ion of  coping sty les stems
from work on the Roman rat l ines. Aubry and co-workers have shown that basal
VP mRNA levels in  the parv ice l lu lar  neurons oí  the paraventr icu lar  nucleus (PVN)
were s igni Í icant ly  h igher  in  the Rla than the Rha rats (Aubry et  a l .  1995).  VP
injected into the central amygdala (CeA) effects cardiac and behavioural responses
to stress in the Rla whereas the peptide is ineffective in the Rha rat (Roozendaal et
a l .  1992;  Bohus et  a l .  1996).  In  addi t ion,  house mice selected for  coping sty le
re lated d i f ferences in  nesrbui ld ing behaviour  have been repor ted to d i f fer  in  the
number  o f  VP- i r  neu rons  i n  t he  sup rach iasma t i c  nuc leus  (SCN)  (Bu l t  e t  a l .  1992 ;
Bul t  e t  a l .  1993).  The funct ion of  these st ructures and the ro le of  d i f ferent ia l  VP
levels in  these areas is  perhaps bet ter  understood than VP's ro le in  the LS.  Apart
f rom i ts  funct ion in  socia l  memory,  i ts  ro le in  spat ia l  memory and anxiety-re lated
behaviour  is  not  wi thout  debate.  Clear  hypothesis  on the funct ion of  the LS is  a
prerequis i te  of  s tudying VP funct ioning and the consequences of  d i f ferent ia l
pept ide levels.
The lack of clear results on the function of lateral septal VP may be due
to the fact  that  we d id not  use VP i tse l í  in  our  s tudies.  There is  a d isadvantage in
the chronic appl icat ion of  VP,  because local  appl icat ion may resul t  in  severe motor
d is turbances and epi lept ic  f i ts .  l t  is  known that  VP exhib i ts  a sel f -sensi t izat ion
phenomenon af ter  repeated VP adnr in is t rat ion.  In i t ia l  minor  motor  act ions af ter  a
f i rs t  appl icat ion of  re lat ive ly  h igh doses are fo l lowed by enhanced motor
d is turbances inc luding barre l  rotat ions,  myotonic convuls ions and somerrmes
death (Poul in  and Pi t tman,  1993a;  Poul in  and Pi t tman,  1993b).  These ef íects are
mediated through the V, receptor. A second unique feature of the LS is the positive
feedback act ion of  VP on i ts  own re lease (Ramirez et  a l .  1990;  Landgraf  et  a l .
1991).  Al though not  detected in  the LS,  the resul ts  suggest  hat  th is  posi t ive
feedback is mediated through the V, receptor. The exact physiological significance
of  th is  phenomenon remains to be shown. To prevent  the above-ment ioned
behavioura l  d is turbances to occur  we decided to in i t ia l ly  s tudy VP funct ioning
using a receptor  antagonist .  This  has the addi t ional  advantage that  a dosage which
fu l ly  b locks the receptor  can be easi ly  Íound.
Local  in fus ion of  agonists  or  antagonists  in to d iscrete bra in areas
ensures a select iv t :  admirr is t rat ion and a l lor" , rs  i r r  pr inc ip le the qr- r . rnt i f icat ic- rn oÍ
b io log i ca i l y  ac t i ve .  concen t ra t i ons .  f he  use  o , f  osmo t i c  n r !n ipu rnps  r r r l uces
126 Chapter 6
normal ly  occur ing st ressfu l l  handl ing dur ing behavioura l  test ing.  However,  despi te
the use of  ref ined infus ion techniques which utu l ize min ipump-connected bra in
cannulas,  push-pul l  cannulas,  and microdia lys is ,  i t  s t i l l  remains d i Í f icu l t  o  address
appropr iate dosage quest ions.  Conclus ions us ing the agonist  in  par t icu lar  should
be based on dosage-response re lat ionships.  To prevent  h is  quest ion ofdosage oÍ
agonist ,  the t r igger ing of  endogenous pept ide re lease by an exper imenta l
s t imulat ion of  a connected bra in area (e.g.  by osmot ic  s t imulat ion)  may be a usefu l l
t oo l  ( f o r  r ev iew ,  see  Landg ra f  , 1995 ;  Enge lmann  e t  a l .  1996 ) .
The research on the ro le of  la tera l  septa l  VP is  fur ther  compl icated
because of its function as a neuromodulator: ather than an on/off switch, it acts in
a more/ less mode.  In addi t ion,  i t  wi l l  probably act  i r r  concer t  wi th other  pept ides
and hormones to establish an effect. As a final remark in this paragraph, it may thus
be rewarding to br ie f ly  focus on the neuroanatomical  spects of  the septum as a
funct ional  ent i ty  to  Íur ther  understand the resul ts  obta ined in th is  thesis .
Most  neuroanatomical  spects of  the septum, of  which the LS and the
media l  septum (MS) are the major  components,  have been excel l lent ly  rev iewed
by Jakab and Leranth (1995).  The area is  considered as an in ter face between
te lencephal ic  regions uch as the h ippocampus and the amygdala complex on the
one hand,  and hypothalamic and bra instem regions on the other  hand (see Figure
1) .  The VP f ibers f ronr  cel ls  in  the BNST and MeA terminate to a large extent  on
so cal led 'somatospiny eurons ' in  the LS,  where they converge wi th the massive
glutanraterg ic  h ippocamposepta l  input  (Jakab and Leranth,  j  990b;  Jakab et  a l .
1991 ;  j akab  and  Le ran th ,  1995 ) .  Th i s  impor tan t  neu roana tom ica l  f i nd ing  cou ld
re late VP to spat ia l  learn ing,  s ince VP was shown to nra i r r ta in rong-rern l
potent ia t ion (LTP) and to increase g lutamate-mediated responses in la tera l  septa l
bra in s l ices (oëls  and Urban,  1985;  Van den Hoof f  et  a l .  . r  989;  Van den Hoof f  and
urban, 1990). Together, these data suggest the excitatory action of vp to take place
on the somatospiny neurons,  most  probably through the V, , ,  receptors.  However,
b lockade oí  th is  receptor  d id not  in ter fere wi th spat ia l  abi l i t ies (chapter  4,
Engelnrann et  a l .  1992).  Al though spat ia l  learn ing i tse l f  has been shown to induce
LTP- I i ke  changes  i n  t he  LS  ( ca rc ia  e t  a l .  1993 ) ,  a  ro le  f o r  Vp  i n  v i vo  rema ins
unclear .  An explanat ion rn ight  l ie  in  the in t r ins ic  onnect iv i ty  of  the septum. The
integr i ty  of  the connect ion between the MS and the h ippocampus is  essent ia l  for
spat ia l  memory (wenk et  a l .  1992;  Poucet  and Buhot ,  1994) ( rev iew (o 'Keefe ancl
Nadel ,  198Z),  but  the rec iprocal  septohippocampal  loop is  not  c losed by the long-
assumed nrassive LS-MS path.  Recent  s tudies íound th is  la t ter  pro ject ior . r  to  be
extremely sparse (Leranth et  a l .  1992;  Wi t ter  et  a l .  . l  992) .  This  may be the reason
that  vasopressinerg ic  i r . r f luence on spat ia l  earn ing is  a lmost  negl ig ib le.
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Figure  1 :  A  s imp l i f ied  d iagram out l ines  the  b id i rec t iona l  connect ions  o f
neurochemica l l y  iden t i f ied  neurons  and somatosp iny  neurons  (ce l l  w i th  do ts )  rn
the  med ia l  and la te ra l  sep ta l  d iv is ions  w i th  o ther  b ra in  reg ions ,  in  par t i cu la r ,
te lencepha l ic ,  hypotha lamic ,  and bra in  s tem areas .  Dashed l ines  represent
putat ive connections (based on indirect evidence). For íurther explanation, see
text. BNST, bed nucleus of the str ia terminal is; ChAT, chol ine acetyltransferase;
CABA,  y -aminobuty r ic  ac id ;  C lu ,  g lu tamate ;  LS,  la te ra l  sep tum;  MeA,  med ia l
amygdala; MS, medial septum; VP, vasopressin [Adapted from Jakab and Leranth,
1 e9sl .
Wi th regard to the socia l  recogni t ion paradigm, some neuronal  and
anatomical  data are known. Ol Íactory cues are important  in  socia l  recogni t ion and
are sensed through the vomeronasal  organ.  In  the adul t  male rat ,  th is  organ
processes non-volat i le  chemocept ive st imul i  f rom the ano-geni ta l  area oí  the
íó
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juvenile. This sensory information is relayed through the accessory olfactory bulbs
to the BNST, f rom where VP is  thought  to mediate socia l  recogni t ion in  the LS
(Simer ly ,  1990;  Bluthé and Dantzer ,  1993;  Dantzer  and Bluthé,  1993;  Gheusi  et
al. 1994; Canteras et al. 1995). lt is conceivable that the lateral septal somatospiny
neurons are involved in th is  response,  but  i t  is  not  expl ic i t ly  demonstrated.
Recent ly ,  i t was shown that  ventra l  h ippocampal  VP is  a lso involved in regulat ing
socia l  recogni t ion (Van Wimersma Greidanus and Maigret ,  1996).  This  might
suggest  a ro le for  the MeA as wel l ,  s ince th is  nucleus ends VP pro ject ions to both
the LS and the ventral hippocampus (Caffé et al. 1987; Canteras et al. 1995). Thus,
whi le  these lat ter  data show that  the under ly ing neuronal  substrate is  not  just
confined to the BNST-LS system, in the intact male rat social recognition is strongly
dependent  on la tera l  septa l  VP,  conceivably mediated through the somatospiny
neurons.
Pesold and Treit have shed some light on the neurochemistry of the LS
in regulat ing anxiety-re lated behavior  (Pesold and Tre i t ,  1994;  Menard and Tre i t ,
1996;  Pesold and Tre i t ,  1996).  They micro- infused the benzodiazepine anxio ly t ic
midazolam into the septum and found that the LS (but not the MS) suppressed fear
reactions in the plus-maze and shock-probe test. They suggested this effect to be
mediated by the cABAu-benzodiazepine receptor ,  which is  par t icu lar ly  abundant
in l imbic s t ructures as the septum (Young and Kuhar,  1980).  As d iscussed,  the
present  hesis  conf i rmed an involvement  of  la tera l  septa l  Vp in anxiety behavior
(Landgraf  et  a l .  1995;  L iebsch et  a l .  i996) .  l t  has fur ther  been shown that  the
somatospiny neurons are GABA-ergic  (see Figure 1)  and that  they receive CABA-
ergic ,  and,  as ment ioned beíore,  vasopressinerg ic  inputs (Jakab and Leranth,
1990a;  Jakab et  a l .  1991;  Jakab and Leranth,  - l995) .  l t  may thus be assumed that
the somatospiny neurons contain the cABA.,-benzodiazepine r ceptors implicated
in anxiety-re lated behavior .  Moreover,  these cel ls  may be the substrate where
benzodiazepines and VP act  to  regulate anxiety responses,  at  least  in  the p lus-
maze. Shock-probe burying was not effected by Vp antagonism, but can be
influenced by benzodiazepines in the septum (Pesold and Treit, i  994; pesold ancl
Tre i t ,  1996).  s ince the cABA-ergic  somatospiny neurons are only a par t  of  the
latera l  septa l  cABA-ergic  cel l  populat ion,  one might  suggest  that  the behaviour
observed in the la t ter  test  is  mediated in  par t  by non-somatospiny neurons.
However,  i t  remains extremely d i f f icu l t  to  speculate on the mechanisnr  of  the
septum in these tests, mainly because of the abundance of cABA-ergic lateral and
media l  septa l  neurons and the ex is tence oÍ  complex in t rasepta l  connect ions which
suggest  a CABA-ergic  rossta lk  (Jakab and Leranth,  , l990a).
Thus,  whereas a l l  these anatomical  s tudies indicate the somarosplnv
neurons to be part of a collective, neuronal substrate involved in a varietv of tasks,
our present re
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our present results showed a strong specificity in VP's action. This may not be that
surprising given the notion that the same somatospiny neurons receive not only
vasopressinergic, GABA-ergic, and hippocampal (glutamatergic) input, but also
catecholaminergic, and cholinergic input (for review, see Jakab and Leranth, 1995).
Our understanding of peptide interactions and modulations which may occur at
this convergence of input is far from clear, but it does suggest hat the specificity
of VP modulation mav lie at this neuroanatomical level.
6 FUTURE DIRECTIONS
Some suggestions concerning future research ave already been made
in the previous chapters, but three main lines of research may be continued on
basis of the experiments described in the present thesis. One line of research may
still focus on the function of difÍerential VP in relation to coping styles, but
confined to the social context. A second line of research relates to the generality
of the observed vasopressinergic d fferentiation. The third line concerns the coping
styles in wild-type rats.
Perhaps one of the promising directions to continue studying lateral
septal VP differentiation i relation to coping styles may lie in VP's role in social
behaviour. Although we did not succeed to study a possible differentiation i the
behaviour oí the wild-type rat in the social recognition paradigm, recognition
could be studied in a social defeat test. In this test, in which individual recognition
is involved, animals are placed in the home cage of a dominant male conspecific.
The introduction into the home cage oÍ the resident will result in an aggressive
interaction and a social defeat oÍ the intruder. lt has been shown that wild-type rats
differentiate in their physiological responses to such an interaction (Sgoifo et al.
1996). Whether VP plays a role in this behaviour might be studied in a paradigm
comparable to social recognition. Blocking lateral septal VP functioning before re-
exposure to the same dominant male may result in a faillure to recognize this
male. This may cause the intuder to show a behavioural pattern of an animal naive
to the intruder and the situation. lf VP is not involved, the intruder will
immediately respond with submissive behaviour towards the resident male.
A further investigation i to the role of VP in social behaviours can be
derived from studies on the social organization i voles (or microtine rodents). In
these species, VP has been implicated in pair bonding, maternal and paternal care,
and the level of intermale aggression (Winslow et al. 1993; Bamshad et al. 1994;
Wang et al. 1994a; Cafter et al. 1995; Wang et al. 1996). lt may thus be rewarding
to further investigate social behaviours in relation to VP in the rat.
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As mentioned, a second line oÍ research relates to the generality of the
observed vasopressinergic differentiation. In paragraph 3 of this chapter we
concluded that  the presence of  the var iabi l i ty  in  VP expression is  a re lat ive ly
general  phenomenon,  which might  be detected in  more species.  Also,  i t  was
suggested that  i t  would be in terest ing to s tudy which processes induce the
variation in VP expression and whether these processes have a general character
which may resemble mechanisms under ly ing sexual  d imorphism. These
mechanisms have always been presented as a special or unique feature of sexual
d imorphism. However,  one might  suggest  that  sexual  d imorphism is  only  a specia l
case of  bra in d i f ferent ia t ion in  general .  A var iety  of  pept ides,  inc luding galanin
(Bloch et  a l .  1992;  Planas et  a l .  1995),  substance P (Malsburry and McKay,  1987;
Malsburry and McKay, 1 989), and dopamine (Beyer et al. 1 991) are known to have
a sexual  d imorohic d is t r ibut ion.  Several  s tudies have shown that  males which
di f fer  in  thei r  s ty le of  coping a lso exhib i t  a  corre lated i f ferent ia t ion in  the centra l
nervous system (Dr iscol l  e t  a l .  1990;  Cools et  a l .  1993;  Bohus et  a l .  1996;
Koolhaas et  a l .  1997a;  Koolhaas et  a l .  1997b).  In  par t icu lar ,  dopamine sensi t iv i ty
has been found to d i f fer  between animals of  both coping sty les (Benus et  a l .  1991a;
Rots et  a l .  1996).  Deta i led studies are necessary to invest igate whether  ident ica l
processes innitiate the differentiation bretween both genders and within one (male)
gender.
Some steps to s tudy th is  possib i l i ty  have a l ready been taken.  Both the
di f ferent ia t ion wi th in the male gender and the sexual  d i f ferent ia t ion are main ly
established pre- and postnatally. We have studied the effect of postnatal
manipulat ion ( in ject ion of  T,  VP,  cor t icosterone) on la tera l  septa l  VP content  at
adul t  age in Wistar  rats ,  but  the resul ts  are inconclus ive (unpubl ished resul ts) .
Nevertheless, Compaan and co-workers have shown that, in the wild house
mouse, a single injection of T at postnatal day 1 is able to reduce the VP-ir in adult
nonaggressive males unt i l  levels  s imi lar  to  contro l  aggressive mice (Compaan et
a l .  1997),  submit ted for  publ icat ion.  One obvious a im of  fur ther  s tudies on the
general i ty  and inducing mechanisms oí  VP dis t r ibut ion might  be to inc lude female
ind i v i dua l s  as  we l l .
F inal ly ,  a  th i rd l ine of  invest igat ion concerns the presence of  coping
sty les in  wi ld- type rats.  Al though some studies have shown a behavioura l  and
physio logical  d i f íerent ia t ion (Sgoi fo et  a l .  1996;  Koolhaas et  a l .  1997b),  apar t  í rom
the present ly  observed d i f ferent ia t ion in  la tera l  septa l  VP,  ev idence of  other
neuronal  d i f Íerences are present ly  lack ing.  The select ion l ines oÍ  house mice have
been shown to d i f fer  in  thei r  exoression of  the mineralocor t ico id and
glucocor t ico id receptors in  the h ippocampus (Korte et  a | .1996,  personal
communicat ion) .  ln re lat ion to the T dependency of  the VP system, d i f ferences in
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the aromatase activi ty (enzyme that converts T into estrogen) have been found in
these mice  as  we l l  (Compaan e t  a l .  1993;  Compaan e t  a l .  1994a) .  These two
d i f fe rences  may thus  be  l i ke ly  cand ida tes  to  inves t iga te  in  w i ld {ype ra ts .  The
neuropept ide  ga lan in  may be  cons idered to  be  s tud ied  s ince  i t  i s  known to  be
co loca l i zed  w i th  VP and dependent  on  T  (Mi l le r  e t  a l .  1993;  P lanas  e t  a l .  1994a;
P l a n a s  e t  a l .  I 9 9 4 b ;  P l a n a s  e t  a l .  1 9 9 4 c ;  P l a n a s  e t  a l .  1 9 9 5 ;  s e l v a i s  e t  a l .  1 9 9 5 ) .
Further suggestions for future research can be deducted from results on selection
l ines  o f  ra ts  in  wh ich  cop ing  s ty les  have been es tab l i shed as  we l l  (see  Genera l
In t roduc t ion ,  paragraph 3) .  A  d isadvantage o f  the  use  o f  se lec t ion  l ines  is  tha t  i t
ignores  " in te rmed ia te"  an ima ls ,  a l though they  rea l l y  ex is t .  However ,  by  us ing  an
unse lec ted  popu la t ion  i t  i s  poss ib le  to  inves t iga te  a / /  ind iv idua ls ,  no t  ius t  the
ex t remes.  F ina l l y ,  i t  wou ld  be  tempt ing  to  inc lude females  in to  the  charac ter iza t ion
of  cop ing  s ty les  as  we l l .
R E F T R E N C E S
Al -Shamma HA,  De Vr ies  CJ (1995)  Neurogenes is  o f the  sexua l ly  d imorph ic  vasopress in  ce l l s  o f  the
bed nuc leus  o Í  the  s t r ia  te rmina l i s  and amygda la  o f  ra ts .  j  Neurob io l  29 :91-98.
A lbers  HE,  Rowland CM,  Fer r is  CF (1991)Arg in ine-vasopress in  immunoreac t iv i t y  i s  no t  a l te red  by
photoperiod or gonadal hormones in the Syrian hamster (Mesocricetus auratus\. Brain Res
5 3 9 : 1 3 7 - 1 4 2 .
Aubry J-M, Bartanusz V, Driscol l  P, Schulz P, Steimer T, Kiss JZ ( l995) Cort icotropin-releasing factor
and vasopressin mRNA levels in Roman high- and low-avoidance rats: Response to open-f ield
exposure .  Neuroendocr i  no l  61  :89-97 .
Bamshad M,  Novak  MA,  De Vr ies  CJ (1993)  Sex  and spec ies  d i f fe rences  in  the  vasopress in
innervation of sexually naive and parental prair ie voles, Microtus-ochrogaster and meadow
v oles, M i crotu s-pe n n sy I v an icus. J N eu roendocri nol 5 :247 -25 5.
Bamshad M,  Novak  MA,  De Vr ies  CJ (1994)  Cohab i ta t ion  a l te rs  vasopress in  innerva t ion  and
paternal behavior in prair ie voles (Microtus ochrogaster). Physiol Behav 56:751-758.
Benus RF,  Bohus B,  Koo lhaasJM,  Van Oor tmerssen CA (1991a)  Behav ioura l  d i f fe rences  be tween
art i f ic ial ly selected aggressive and non-aggressive mice: Response to apomorphine. Behav Brain
Res 43 :203-208.
Benus RF,  Bohus B,  Koo lhaasJM,  Van Oor tmerssen CA (199 jb )  Her i tab le  var ia t ion  fo r  aggress ion
as  a  re f lec t ion  o f  ind iv idua l  cop ing  s t ra teg ies .  Exper ien t ia  47 :  1008- .1  018.
Beyer  C,  P i lg r im C,  Re iser t  | (1991)  Dopamine conten t  and metabo l ism in  mesencepha l ic  and
d iencepha l ic  ce l l  cu l tu res :  Sex  d i f fe rences  and e f fec ts  o f  sex  s te ro ids .  lNeurosc i
1  1  ( 5 ) : 1  3 2 5 - 1  3 3 3 .
Bloch Ci, Kurth 5M, Akesson TR, Micevych PE (1992) Estrogen-concentrat ing cel ls within cel l
groups of the medial preoptic area: sex dif ferences and co-local izat ion with salanin-
i  mm unoreac t ive  ce l  l s .  Bra in  Res 595:30 ' l  -308.
